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in
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ts b
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o
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n
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S
r-90 R

elease L
o

catio
n

s/A
ctivities

S
ite

A
ctivity (C

i)

S
ervice W

aste (~25)

F
orm

er injection w
ell

24.3 (total), 16 direct

P
ercolation ponds

0.295

O
U

 3-13 releases (<1300)

liquid releases
 308.8

soil sites
918

O
U

 3-14 releases (>18000)

C
P

P
-31

15,900

C
P

P
-79 deep

874

C
P

P
-27

720



C
P

P
-31 R

elease
•

O
ccurred in 1972

•
D

uring transfer of 2nd/3rd C
ycle R

affinate

•
Lost 70,000 Liters (18,600 gallons) over 5 days

•
R

affinate chem
istry 

N
o
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u
clid

es
R
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u
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D
o

w
n

w
ard

 Tran
sp

o
rt

•
R

elease occurred 1.75 m
eters below

 land surface (bls)

•
A

lluvium
 is 13.5 m

eters thick

•
Interbeds (and perched w

ater) at IN
T

E
C

 exist at 30, 42, 85, and 116 m
eters

•
A

verage precipitation infiltration rate 18 cm
/yr average

•
A

dditional 8
cm

/yr (spatial average) anthropogenic w
ater infiltration

•
P

orosity 32%

•
Initial saturation in the alluvium

 ~
30%



S
o

il D
ata N

ear C
P

P
-31

•
64 gam

m
a logs taken in 2004 to depths of 12-14 m

eters

•
O

ne of the logged w
ells w

as cored and sent to the laboratory for 137C
s
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S
o

il C
o

lu
m

n
 N

o
tes:

•
Initial 137C

s/ 90S
r ratio =

 1.16

-
 

H
ighest C

s at 5-6
m

 (8,990,000 pC
i/g)

-
 

H
ighest S

r at 6.5-7.5
m

 (20,700,000 pC
i/g)

•
D

istribution of 137C
s and 90S

r differ:

-
 

G
aussian 137C

s
-
 

700,000
pC

i/g 90S
r below

 the peak
-
 

100
pC

i/g 137C
s below

 the peak
-
 

Lateral m
ovem

ent of 90S
r >

>
 137C

s
-
 

V
ertical offset does not support V

S
r >

>
V

C
s

•
90%

 of 137C
s accounted for in alluvium

•
C

an’t easily quantify the 90S
r
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P
erch

ed
 W

ater C
o

n
cen

tratio
n

s @
 30 m

 (b
ls)

•
D

ata taken in the perched w
ater at 30

m

•
90S

r-90 as high as 480,000 pC
i/L

•
M

atching 90S
r concentrations requires constant K

d =
0.2 m

L/g

-
 

using K
d  =

 0.2 m
L/g leaves no 90S

r in the alluvium

-
 

m
easured K

d  range is 13-145 m
L/g (Liszew

ski et al, 1998)

-
 

using K
d  =

 100
m

L/g allow
s no 90S

r to leave the alluvium

-
 

n
o

 first arrival d
ata

-
 

n
o

 p
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n
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-
 

n
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eath
 C

P
P

-31

1.00E
+

04

3.50E
+

04

6.00E
+

04

8.50E
+

04

1.10E
+

05

1.35E
+

051/1/72
12/30/76

12/29/81
12/28/86

12/27/91
12/25/96

12/24/01

D
ate

C(pCi/L)   

W
ell 55-06

M
W

-5-2

? ?
? ?

?
?

?
?

?
??



O
b

servatio
n

s
•

Traditional K
d approach is only valid for steady state system

s

-
 

infiltration (leak) events are transitory
-
 

plum
e m

ovem
ents are transitory

-
 

chem
ical evolution is transitory

•
Tank farm

 releases undergo extrem
e changes in pore w

ater chem
istry

•
To evaluate the geochem

ical evolution w
e needed to consider

-
 

m
ineralogy, hydrology, and laboratory observations of C

s and S
r

-
 

geochem
ical processes 

-
 

dynam
ic changes in geochem

ical evolution 
-
 

highly transient flow



M
in

eralo
g

y
•

E
xcavated, hom

ogenized, &
 backfilled m

ix of overbank and channel deposits
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ed
- an

d
 In
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n

-W
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o
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n

C
o

m
p

o
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en
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C
o

n
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n

(m
o
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)

H
+

 (pH
)

5.369E
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C
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+
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N
a

+
2.2E

-04

C
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H
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W
e W

o
u

ld
 E

xp
ect:

•
A

cid to rapidly react w
ith calcite: 

-
 

dissolves calcite
-
 

increases the pH
 of the influxing solution

-
 

supersaturates the influxing solution w
ith respect to A

lum
inum

 -- form
ing gibbsite

-
 

releases gas-phase C
O

2
-
 

decreases the pore-w
ater pH

•
 A

cid to slow
ly react w

ith alum
ino-silicate m

inerals

-
 

alum
ino-silicate m

inerals m
ay be inert if pH

 is buffered rapidly
-
 

reactions m
ay be neglected

•
P

otential im
pact on hydrologic properties

C
a

C
O

3
2

H
N

O
3

+
C

a
2

+
C

O
2

g()
2

N
O

3 -
H

2
O

+
+

+
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Io
n

 E
xch

an
g

e
•

S
r and C

s characterized by low
 ionic potential (valence/ionic radius)

•
E

xchange occurs rapidly for both species

•
S

r exchanges prim
arily on planar sites on clays

•
C

s exchanges on frayed edge and planar sites

-
 

edge sites are stronger bonding than planar sites
-
 

bonded stronger at low
 concentration, w

eaker at high concentration
-
 

not easily released from
 the edge sites



Io
n

 exch
an

g
e m

o
d

el param
eters

•
C

ation E
xchange C

apacity (C
E

C
) 

-
 

solid m
edia property -- strong function of soil type 

-
 

spatially variable (depositional environm
ent)

-
 

IN
T

E
C

 specific values are not available
-
 

IN
L values are available from

 Liszew
ski, B

artholom
ay, H

aw
kins and S

hort, U
S

G
S

•
S

electivity C
oefficients

-
 

Ion specific
-
 

C
s

+ >
 S

r 2+ >
 C

a
2+ >

 M
g

2+ >
 K

+ >
 N

H
4

+ >
 N

a
+ >

 H
+

-
 

literature is pretty consistent for order and relative m
agnitude



 H
o

w
 G

o
o

d
 are th

e S
r-90 P

aram
eters fo

r Io
n

 E
xch

an
g

e?
•

C
om

parison of B
atch E

xperim
ent to H

aw
kins &

 S
hort (1965) D

ata 
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n
 fo
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s U

sin
g

 2 E
xch

an
g

e S
ites

•



O
n

e-D
im

en
sio

n
al S

im
u

latio
n

 R
esu

lts
•

D
om

ain size: 60 m
 X

 30 m
 x 18 m

-
 

roughly equal to gam
m

a distribution from
 1970s data

•
Layered m

edia

-
 

alluvium
 thickness 13 m

-
 

basalt underneath
-
 

hydraulic properties taken from
 the O

U
 3-14 R

I/B
R

A
/F

S
 m

odel
•

B
oundary conditions

-
 

18 cm
/yr infiltration at top

-
 

18,600 gallons over 5 days during sim
ulated release, released at 1.75 m

eters
-
 

saturated bottom
 boundary (perched w

ater)
•

W
ater flux and w

ater content allow
ed to reach steady state (m

ultiphase)

-
 

initial (pre-release) w
ater saturation of ~

30%
 (after equilibration)



1-D
 S

im
u

latio
n

 R
esu

lts
•

C
alcite and pH

 distributions

-
 

C
alcite buffers pH

 rapidly
-
 

Transient drop in pH
 from

 dissolution
-
 

R
eturns to neutral once dissolution dissipates

-
 

A
lum

ino-silicate dissolution is m
inor
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S
O

L
U

T
IO

N
 S

P
E

C
IE

S
 A

T
 2.03 Y

R
S

•
N

a
+ retarded relative to N

O
3

- and C
a

+2 

-
 

drives exchange reactions w
here 

sodium
 knocks calcium

 off clays
•

calcium
 is kept in solution

-
 

m
oves faster than nitrate and S

r-90
•

strontium

-
 

at 1 yr is about 4%
 in solution 

-
 

m
oving slightly slow

er than nitrate
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D
istrib

u
tio

n
 o

f S
r sp

ecies at 2.03 yrs

•
S

r +2 and S
rN

O
3+ are the prim

ary aqueous species

•
S

r transport is m
ultim

odal

•
H

igh aqueous concentrations correspond to low
 exchange concentration
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D
istrib

u
tio

n
 o

f exch
an

g
eab

le catio
n

s at 2.03 an
d

 8.05 yrs
•

C
alcium

 is replaced by sodium
 (high sodium

, low
 calcium

)

•
S

r exchange is preferred to C
a -->

 leaves m
ore S

r on exchange sites

•
H

igh exchange species =
=

 low
 aqueous species

•
E

levated leading edge cation concentrations enhance S
r m

igration
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C
o

n
cen

tratio
n

 o
f catio

n
s in

 so
lu

tio
n

 at 8.05 yrs
•

E
levated aqueous concentrations at 30-40 ft 

•
C

orresponds to elevated concentration on the cation exchange sites

•
B

ulk of the 90S
r is deep in the colum

n
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P
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icted
 S

r K
d  

•
P

artitioning coefficient defined as: 

•
Ion exchange results in a spatially and tem

porally variable partitioning 
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IO

N
 R

E
S

U
LT

S
 F

O
R
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P

P
-31

•
K

rigged log-10 (C
s-137) soil concentrations (corrected to 1972) pC

i/g 



•
W

ater S
aturation 1, 5, and 17 m

onths post C
P

P
-31 release



•
A

queous S
pecies 12 M

onths P
ost C

P
P

-31 R
elease



•
S

r-90 on exchange sites 1, 2, and 3 years post C
P

P
-31 release



•
E

ffective partitioning at 0.5, 1.5, and 17.5 years post C
P

P
-31 release
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W
h

ere are w
e?

•
T

his m
odel explains early arrival in perched w

ater and soil concentrations

•
It does not correspond to observed 1977 ratios of 137C

s/ 90S
r:

-
 

core taken near C
P

P
-31 by R

hodes et al.
-
 

suggests m
ultiple processes are still occurring

•
P

robably different in the perched w
ater and alluvium

:



F
in

al O
b

servatio
n

s
•

D
irect injection of

-
 

16 C
i of 90S

r 
-
 

over 20 years
-
 

S
R

P
A

  90S
r ~

900
pC

i/L
-
 

the M
C

L is 8
pC

i/L
•

C
P

P
-31 and C

P
P

-79

-
 

catastrophic releases
-
 

>
17,000

C
i total

-
 

110-concentrations ~
 300,000 pC

i/L
•

P
redicted aquifer concentrations:

-
 

evolution of the surface releases
-
 

geochem
ical processes in sedim

ents
-
 

topology/distribution of interbeds
-
 

infiltration rates
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